This study aimed to identify possible metabolites able to predict puerperal uterine diseases in crossbred dairy cows (Holstein x Gir) in the transition period. We hypothesized that, as what has been observed for Holstein cows, a negative energy balance (NEB) may increase the incidence of uterine diseases. Thirtyfour lactating crossbred cows (½HG, ¼HG, ¾HG, and 5/8HG) were evaluated during prepartum (-60d and -30d), calving, and postpartum (+14d, +21d, and +35d) periods, being divided into two groups (with and without uterine diseases). NEB evaluations were based on the concentrations of non-esterified fatty acids (NEFA) and beta-hydroxybutyrate (BHBA) at calving and 14 days postpartum. Nearly 1/3 of the crossbred cows presented an NEB, characterized by a significant increase in NEFA with no BHBA increase; however, it was less intense than that observed in Holstein cows during the transition period. There was a significant difference between cows with and without uterine diseases in NEFA and calcium concentrations at partum, as well as body condition score (BCS) during prepartum. In conclusion, the occurrence of uterine diseases during the transitional period is related to the BCS in the prepartum period, besides serum NEFA and calcium concentrations at partum. Key words: Body condition score. NEFA. Endometritis. Metritis.
Introduction
The genetic improvement achieved by crossing Zebu and European breeds has allowed a higher productivity per animal in dairy cattle, which generates greater challenges in peripartum. During this period, the energy demand increases for fetal nutrition and lactogenesis initiation, coinciding with a reduction in dry matter intake (JUCHEM et al., 2004 , CAMPOS et al., 2005 . In this phase, cows enter a state of negative energy balance (NEB) that is characterized by a reduction of plasmatic glucose concentration and mobilization of corporal reserves for additional energy acquisition (DRACKLEY, 1999; KIMURA et al., 2002; ACCORSI et al., 2005) .
Depending on the intensity of this imbalance, dairy cow performance and health may be compromised in the postpartum period, as there is a relationship between energy deficiency and immunosuppression (HAMMON et al., 2006) . Lacetera et al. (2005) observed a decline in body condition score (BCS) of cows with intense lipomobilization and a consequent increase in nonesterified fatty acids (NEFA) around calving, which impaired defense cell functions.
Quantifying the metabolites stored in body reserve tissues enables a proper monitoring of cows at the onset of lactation when demands for energy, protein, and minerals increase. In addition, it allows the diagnosis of metabolic disorders and nutritional deficiencies, as well as the investigation of health problems and productive performance LEBLANC, 2009 ). Ospina et al. (2010) demonstrated the association of critical thresholds for lipid metabolites with an increased risk of postpartum disease. NEFA concentrations above 0.3 mEq L -1 in prepartum cows and above 0.6 mEq L -1 , together with ketone bodies -mainly beta-hydroxybutyrate (BHBA), above 10 mg dL -1 in postpartum animals denote a higher risk of developing retained placenta and metritis. Additionally, early post-partum hyperketonemic cows have a higher risk of developing subclinical endometritis (DUBUC et al., 2010) . According to Chapinal et al. (2012) , high concentrations of NEFA and BHBA, or low of calcium, during the early postpartum period are associated with a higher risk of abomasal displacement, milk production decrease, and reduced pregnancy rates at the first service.
In the present study, we aimed to identify metabolites capable of predicting postpartum uterine diseases in crossbred dairy cows (Holstein X Gir) in the transition period; this crossbreeding represents most of the Brazilian dairy herd (FACÓ et al., 2002) and accounts for 70% of all milk production (NOVAES et al., 2003) . Therefore, we hypothesized that, as what has been identified in Holstein cows, NEB and hypocalcemia could increase the incidence of postpartum uterine diseases.
Material and Methods

Local, installations, and animals
The study was conducted in a commercial farm located in Uberlandia, in the southwest of Minas Gerais State-Brazil, with a local climate classified as Aw (KÖPPEN, 1948) . Thirty-four crossbred lactating cows (Holstein/Gir) were assessed. These animals had a varying genetic composition (¼ HG, ½ HG, 5/8 HG, and ¾ HG), being calved between November 2014 and July 2015. Average body condition score (BCS) at parturition was 3.24 ± 0.29, and the herd average daily milk yield was 24.53 ± 4.52 liters/cow/day. The Ethics Committee for Animals Use (CEUA) of the Federal University of Uberlandia approved the project (protocol no. 212/13).
At 60 days pre-partum, the animals were dried and placed in Urochloa decumbens pasture. At 30 days pre-partum, an anionic ration (48% sorghum, 42% soybean meal, 9% anionic nucleus, and 1% urea) and corn silage were offered to the animals up to calving. In the postpartum period, the cows remained confined and received a diet with corn silage, barley, and concentrate prepared at the farm (sorghum 65%, soybean meal 30%, premix for lactation 2.5%, urea 1.25%, and limestone 1.25%), besides a mineral supplementation. Throughout the entire period, the animals had free access to a shaded area and water.
Experimental design
The animals were followed during pre-partum (-60d and -30d), partum and postpartum (+14d, +21d and +35d). Two groups were formed: a) controlcows without any uterine disease at postpartum; b) uterine infection: cows diagnosed with at least one postpartum uterine disease. General physical examination and diagnosis of uterine diseases were performed at each moment of evaluation. The diagnosed uterine diseases were placenta retention, metritis, clinical endometritis, and subclinical endometritis.
Sampling and analyses
Samples were collected at six pre-defined moments for physical examination and uterine disease diagnoses. Blood samples were collected after the first milking in the morning by puncture of the median caudal vein into tubes containing coagulation gel, using a vacuum collection system. These samples were refrigerated and sent to the Laboratory for Clinical Analysis of the Veterinary Hospital at UFU for analyses.
The biochemical profile was determined using a ChemWell® multi-channel automatic analyzer (Awareness Technology Inc., Palm City, USA) at 37˚C. Proteins (total protein, albumin, and globulin), minerals (calcium, phosphorus, and magnesium), enzymes (aspartate aminotransferase -AST, creatine kinase -CK, gamma-glutamyltransferase -GGT), and energetic metabolites (cholesterol, triglycerides and high-density lipoproteins -HDL) were analyzed by Labtest® diagnostic kits (Labtest Diagnóstica AS, Lagoa Santa, Brasil). The serum concentrations of very low-density lipoprotein [(VLDL) = ] and low-density lipoproteins [(LDL) = ] were calculated based on Friedewald's formula (FRIEDEWALD et al., 1972) . While BHBA and NEFA serum concentrations were determined using the Randox ® Kit (Randox Laboratories Ltd, Crumlin, UK).
The metabolic profile reference values of cows during the transition period were those proposed by Smith (2009) . Negative energy balance (NEB) was defined based on the concentrations of NEFA and BHBA at parturition and 14 days postpartum (DPP), with critical levels ≥ 0.6 mEq L -1 for NEFA and ≥ 10 mg dL -1 for BHBA, according to Ospina et al. (2010) . (SHELDON et al., 2006) , at 35 DPP. The material was collected using an adapted endometrial cytobrush (KASIMANICKAM et al., 2004) , being subsequently deposited onto glass slides, and stained with panoptic rapid staining method (Laborclin ®, Pinhais, Brazil).
Classification and treatment of uterine diseases
Treatment for placental retention included the administration of two doses of 20 mg kg -1 20% oxytetracycline -OTC-LA (Ourofino ®, Cravinhos, Brasil) intramuscularly. In cases of endometritis, three doses of 1 mg kg -1 ceftiofur chloride at 10% (Ourofino ®, Cravinhos, Brasil) were administered every 24 hours. BCS was evaluated at all times and classified as between 1 and 5, with subunits of 0.25 (EDMONSON et al., 1989) .
Statistics
The statistical analyses were performed by GraphPad Prism software version 6.03 (GraphPad Software Inc., La Jolla, USA). The collected data were first tabulated in spreadsheets using Microsoft Excel and presented as an average ± standard deviation. All the data of biochemical analyses underwent variance analysis (two-way ANOVA) to determine interactions and differences between groups and times; if significant, a posttest of Bonferroni was conducted. BCS was used to compare the evaluated times using the nonparametric test of Friedman, while the comparisons between groups and within times were made by the non-parametric test for paired samples of Wilcoxon. The difference between uterine disease frequencies with and without NEB was assessed by the chisquared test. The significance level for all tests was p < 0.05.
Results
The clinical evaluation of the 34 cows showed an incidence of 41.2% (14/34) of postpartum uterine diseases, distributed in 5.9% (2/34) for placenta retention, 20.6% (7/34) for metritis, 11.8% (4/34) for clinical endometritis, and 32.3% (11/34) for subclinical endometritis; the same cows showed one or more uterine disorders in postpartum. The NEB was identified in 35.3% (12/34) of the evaluated cows, and there was no tendency for these animals to present a greater incidence of uterine infections. The relationship between NEB and the occurrence of placental retention, metritis, and clinical or subclinical endometritis was not verified (Table 1) . Regarding BCS, there was a difference between the evaluated groups at the first evaluation (-60d), when the average of cows with uterine infections (3.6 ± 0.2) was higher than that of the control group (3.3 ± 0.1) ( Figure 1A ). Additionally, on the day of calving, these infected cows presented the highest NEFA (0.88 ± 0.65 mEq L -1 ), being significantly above those of healthy animals ( Figure   1B ). However, the serum concentrations of BHBA were similar between both groups at all measured times ( Figure 1C ). The levels of total, HDL, LDL and VLDL cholesterol and triglycerides were determined based on the evaluation of energy metabolism (Figures 1 D-H) . For these metabolites, no difference between healthy and infected animals was detected. metabolism (Figures 1 D-H) . For these metabolites, no difference between healthy and infected animals was detected. Figure 1 . Energy profile of crossbred dairy cows (Holstein/Gir), with or without uterine diseases, under an intensive production system, Uberlandia -Minas Gerais State, Brazil.
Note: * indicates that the groups differed according to the evaluated time (p < 0.05). Crossbred dairy cows (Holstein/Gir) had an average daily milk yield of 24.5 kg.
Furthermore, the serum concentrations of total protein, albumin, and globulins showed no variation between infected or healthy females, at all measured times (Figures 2 A-C) . No changes in serum GGT and AST concentrations were found for any of the groups in the peripartum (Figures 2 D-E) ; neither was observed any difference in the levels of the muscle enzyme CK, but with a large dispersion within groups ( Figure 2F ). Protein and enzymatic profile of crossbred dairy cows (Holstein/Gir), with or without uterine diseases, under an intensive production system, Uberlandia -Minas Gerais State, Brazil. observed any difference in the levels of the muscle enzyme CK, but with a large dispersion within groups ( Figure 2F) . 
Note: * indicates that the groups differed according to the evaluated time (P < 0.05). Crossbred dairy cows (Holstein/Gir) had an average daily milk yield of 24.5 Kg.
Concerning the mineral metabolism (Figure 3 A-C) , only the serum calcium concentrations varied significantly between groups at calving. The averages of infected cows (5.9 ± 2.5 mg dL-1) were lower than were those of the healthy animals (8.5 ± 1.0 mg dL -1 ).
Figure 3. Mineral profile of crossbred dairy cows (Holstein/Gir), with or without uterine diseases, under an intensive production system, Uberlandia -Minas Gerais State, Brazil.
Concerning the mineral metabolism ( Figure  3 A-C) , only the serum calcium concentrations varied significantly between groups at calving. The averages of infected cows (5.9 ± 2.5 mg dL-1) were lower than were those of the healthy animals (8.5 ± 1.0 mg dL -1 ). Note: * indicates that the groups differed according to the evaluated time (P < 0.05). Crossbred dairy cows (Holstein/Gir) had an average daily milk yield of 24.5 kg.
Discussion
The incidence of uterine diseases (41.2%) found here, within which 5.9% for placental retention, Note: * indicates that the groups differed according to the evaluated time (P < 0.05). Crossbred dairy cows (Holstein/Gir) had an average daily milk yield of 24.5 kg.
The incidence of uterine diseases (41.2%) found here, within which 5.9% for placental retention, 20.6% for metritis, 11.8% for clinical endometritis, and 32.3% for subclinical endometritis, was similar to the finding of Sheldon et al. (2009) . These authors reported that between 20 and 40% of the dairy cows developed metritis, which persisted in 20% of the animals as clinical endometritis, and in 30% as subclinical endometritis. According to McDougall et al. (2007) and Gautam et al. (2009) , the incidence of uterine disorders tends to decrease because of a spontaneous recovery during the puerperium.
In face of the results found here, dairy cows start to mobilize their body reserves of energy at the time of parturition, and the NEB is evidenced by an elevation in the serum levels of NEFA, besides of less oxidation of fats without significant increase of ketone bodies (BHBA). Although not as expressive as already observed in Holstein cows (RUEGG; MILTON, 1995; LAGO et al., 2001; RENNÓ et al., 2006) , the NEB was observed in 35.3% of the evaluated cows. These results corroborate those of Rennó et al. (2006) and Freitas Júnior et al. (2008) , who observed the poor ability of Holstein-Zebu crossbred cows to mobilize body reserves and their lower milk production capacity if compared to Holstein purebred cows.
The average concentrations of NEFA for uterineinfected cows at calving (0.88 ± 0.65 mEq L -1 ) were higher than the value proposed by Ospina et al. (2010) (0.6 mEq L -1 ). This high concentration may be a risk factor, associated with greater chances of developing diseases such as placental retention, metritis, abomasal displacement, and ketosis. Moreover, these high serum levels of NEFA, which determined the presence of NEB in this study, could impair neutrophil activity and uterine health (HAMMON et al., 2006) . The inter-relationship between metabolic, endocrine, and immune systems decreases immune competence at the time of parturition, thereby increasing susceptibility to infections (STOFKOVA, 2009) and placental retention (GONÇALVES; KOZICKI, 1997) .
This relationship between metabolic changes in the peripartum, especially NEB, and predisposition to postpartum diseases has been reported frequently in Holstein cows DOBSON, 2004; SPEARS; WEISS, 2008) . Higher concentrations of NEFA before and after parturition in Holstein cows are related to the greater occurrence of diseases during the transition period, besides being a risk factor for the health of cows after calving (OSPINA et al., 2010; CHAPINAL et al., 2011; ROBERTS et al., 2012) . Animals with intense and prolonged NEB may develop clinical problems, reduced milk yield, and low fertility (DUFFIELD; LEBLANC, 2009).
At calving, the NEB, expressively in infected cows, was preceded by a higher lipomobilization in animals with higher BCS at 60 days before calving, associated with a sharp drop in BCS. The cholesterol levels in crossbred dairy cows showed the same pattern as that already noted in Holstein cows (CAVESTANY et al., 2005; STENGÄRDE et al., 2008; DORLAND et al., 2009; ALVARENGA et al., 2015) . Some factors such as food intake reduction and cortisol increase with subsequent cholesterol synthesis decrease can justify the decline in serum levels near parturition (ALVARENGA et al., 2015) . No relationship could be detected between the concentrations of cholesterol, triglycerides, and lipoproteins with the presence of puerperal uterine diseases, corroborating the results described in the literature (KANKOFER et al., 1996; OLIVEIRA et al., 2014) .
At the peripartum period, both groups presented lower averages of serum calcium and higher ones of serum magnesium if compared to the reference values proposed by Smith (2009) . The same author suggested that, at calving, distinct levels of calcium between groups should be considered as relevant for the occurrence of uterine disorders. This is because calcium has a fundamental role in muscle contraction and immune responses (GOFF, 2008) , thus being important for the activation and chemotaxis of defense cells (GOFF; HORST, 1997; GALVÃO; .
Conclusion
We concluded that the occurrence of uterine diseases in crossbred cows (Holstein/Gir) can be related to the body condition score (BCS) during the prepartum period, and to serum NEFA and calcium concentrations at parturition.
